Used method of isothermal saturation solubility of copper (II) oxide in alkali and alkaline-salt melts has been investigated at temperature range 673 -873 K. It has been determined that the solubility of CuO in the order of melts LiOH < NaOH < KOH are increased. The effect of temperature on the CuO solubility in alkali melts are described of the equation of the straight line
Introduction
Molten salts, and particularly molten alkali hydroxides and their mixture with alkali chlorides are well known as good reaction media for performing selective solubilization or precipitation in chemical reactions, and have already been proposed as a promising route for the treatment of raw materials and subsequent recovery of valuable metals by electrowinning (1) .
Pyrochemical separation processes in molten media have more recently been proposed as electrolytes in metallurgy of non-ferrous metals and a promising option in the nuclear fuel cycle for the future, mainly due to progress in the assessment of new concepts for transmutation and the corresponding fuel cycles (2) (3) (4) (5) (6) (7) (8) (9) . Several processes have already been developed for the recovery of minor actinides from spent metallic, nitride and oxide nuclear fuels and high level radioactive liquid wastes (10, 11) .
In this work copper (II) oxide solubility in alkali hydroxides and their mixtures with chloride of alkali metals has been investigated in wide temperature range.
Experimental
Chemicals. The chemicals used were sodium, potassium and lithium hydroxides, lithium, sodium and potassium chlorides and copper (II) oxide, all analytical grade. The hydroxide of alkali metals was dried at 723 -773 K. The melting points of these chemicals are 593, 672, 745 K respectively for NaOH, KOH, LiOH. The concentrations of water in these alkali hydroxides are 0.02, 0.08, 0.02 wt.% for NaOH, KOH, LiOH, respectively. The lithium, sodium and potassium chlorides were dried at 500 -550 K for of 2 -3 h. The copper (II) oxide (99.8 % CuO, particle size ≈ 100 µm) was dried at 850 K for 3 h.
Experimental procedure. The solubility of copper (II) oxide has been determined by the method of isothermal saturation (12, 13) . The experimental set-up for the oxide solubility measurements is shown schematically in Figure 1 . The nickel crucible used as a melt container was filled with alkali and alkaline-salt mixtures and placed at the bottom of a metallic container. The radiation shields above the nickel crucible had holes to accommodate the stirring rod, salt charger or sample extraction tube and thermocouple. The radiation shields were mounted on Alsint (sintered alumina) rods and separated by Alsint tubes about 2 cm long. The stirring rod was made of Alsint. The thermocouple was contained in an Alsint tube for protection and immersed in the melt. A nickel crucible was used and filled with alkali hydroxides or alkaline-salt mixtures (80 -100 g) and placed in vertical tube furnace. The temperature was measured platinumrhodium thermocouple located in the melt. The temperature of the melt was determined with an uncertainty of ±2 K. Into the solvent was added copper (II) oxide in excess relative to saturation and mixed for 30 min. The equilibration time for CuO dissolution was determined by measuring the oxide content of the molten mixtures as a function of time. Melt samples for analysis were withdrawn from the melts using quartz tube (12 -13 mm). The samples were analyzed for copper content by atomic absorption spectrophotometry using a spectrophotometer S -115 (made in USSR). It was founded that to ensure copper (II) oxide saturation 3.5 -4.0 h were required ( Figure 2 ). 
Results and Discussion
Copper (II) oxide solubility has been determined in alkali metal hydroxide melts (LiOH, KOH, NaOH), alkaline-salt melts (NaOH-MCl, KOH-MCl, where M = Li, Na, K). The effect of temperature on the solubility of CuO in (LiOH, KOH, NaOH, NaOHLiCl, NaOH-NaCl, NaOH-KCl, KOH-LiCl, KOH-NaCl, KOH-KCl,) was investigation in the temperature range 673 -873 K. Results are presented in Table I . The effect of salt additions has been studied in (NaOH-MCl, KOH-MCl, where M = Li, Na, K) molten systems at 773 K. The range of concentration of salts are from 0.0 to 0.25 mole fract. Results are given in Figure 3 and Figure 4 . It was found that the solubility of copper oxide increased in the order LiOH < NaOH < KOH. It can be explain of different relation alkali hydroxide to copper (II) oxide. , 33 (7) 303-309 (2010) It was proposed by Witing that used of the values of the average orbital electronegativity (χ) was required to find the correlation between the solubility and properties of the system (14, 15) . Witing considered that in a system without chemical interaction there exists a correlation between the solubility of the of substances in the ionic melt and the absolute difference in the average orbital electronegativities of the components of the system. It was found that as the absolute difference in the average orbital electronegativities of copper (II) oxide and molten solvent ( χ Δ , eV) increased the solubility of CuO grows: As a rule, industry uses alkaline-salt melts and therefore there is a need to research the influence of salt additions (such as alkaline chlorides) on the solubility of copper (II) oxide (1) . The obtained results have been presented in Figure 3 and Figure 4 .
ECS Transactions
The alkali metal chloride additions reduced the solubility of copper (II) oxide when compared with the solubility of CuO in molten sodium (potassium) hydroxide. It was shown that in the order of the melts (NaOH-LiCl) < (NaOH-NaCl) < (NaOH-KCl) and (KOH-LiCl) < (KOH-KCl) < (KOH-NaCl) the content of the copper (II) oxide in the melts increased. As the alkali chloride content increases the solubility of CuO in the system decreases insignificantly. This is can be explained to the salt additions reducing of the effect of alkali metal hydroxide towards copper oxide both through dilution and complex formation in system (1).
The results that have been obtained are satisfactorily approximated by the empirical polynomial equation. C = ax 4 + bx 3 + cx 2 + dx + e, [2] where C is the copper (II) oxide content of the solution and x is amount of alkali-metal chloride in the mixtures. Processing the data by the least-squares method gives the coefficients for equation [2] are presented in Table II 
